Altered Cu metabolism and differential transcription of Cu/ZnSod genes in a Cu/ZnSOD-deficient mutant of maize: evidence for a Cu-responsive transcription factor.
Maize inbred line A351 exhibits extremely low levels of Cu/Zn superoxide dismutase (SOD) isozymes, three cytosolic and one chloroplastic, which are increased by supplying copper to near-toxic concentrations. Activities of the copper enzymes cytochrome c oxidase and ascorbate oxidase are also reduced. The level of expression of the maize copper chaperone for SOD is normal to elevated. The gene transcript encoding chloroplastic SOD-1 is present at normal levels, whereas RNA levels of the cytosolic SODs are low and increase with added copper, suggesting a promoter element and copper-dependent transcription factor common to the three genes. Although a reduced level of high-affinity copper transport in A351 cannot be ruled out, high transcript levels of a constitutively expressed metallothionein, suggesting increased copper chelation capacity and creating a general copper-deprivation effect, seem to be a likely cause of the reduced levels of copper enzyme activity and Cu/ZnSod gene transcripts. While exogenous copper does not affect the wild-type SOD activity or protein, it increases wild-type Cu/ZnSod transcript levels in a response similar to that of several yeast genes involved in copper sequestration and antioxidant defense. A sequence that is highly homologous to those of the copper-responsive transcription factors ACE1 (Saccharomyces cerevisiae) and AMT1 (Candida glabrata) is present in the promoters of three maize Cu/ZnSod genes.